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(54) Fuel cell system and related operating method 



(57) Afuel cell system and a related operating meth- 
od are disclosed wherein a fuel-line water recovery tank 
1 9 collects water discharged from a fuel electrode of a 
fuel cell 1 : and an air-line water recovery tank 1 3 collects 
water discharged from an air electrode of the fuel cell 1. 
Disposed downstream of the air-line water recovery 



tank 13 is a combustor 35 that combusts fuel gas ex- 
pelled from the fuel-line water recovery tank 1 9, and air. 
In the presence of discrimination that water in the fuel- 
line water recovery tank 1 9 is to be discharged, a con- 
troller 7 opens a fuel-line water discharge valve 23 and 
allows collected water to be discharged. 



FIG.l 



CM 
< 



T-*Ja 



35 




a. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 401 041 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell sys- 
tem, equipped with a water recovery tank that collects 
discharged from a fuel electrode of a fuel system, and 
related operating method. 

[0002] In order for a solid polymer membrane widely 
used as an electrolyte of a fuel cell to have an ion trans- 
fer capability, there is a need for the solid polymer mem- 
brane to be appropriately humidified. Consequently, fuel 
gas and air to be used as oxidant gas must be supplied 
to the fuel cell under properly humidified condition. 
[0003] Japanese Patent Application Laid-Open No. 
2002-1 24290 discloses a technology of structuring a fu- 
el cell system wherein, by utilizing a large amount of 
moisture contained in gas expelled from the fuel cell as 
a result of formation of water through electrochemical 
reaction between hydrogen and oxygen in the fuel cell, 
a water recovery tank is disposed in a gas discharging 
flow passage of the fuel cell to collect resulting water to 
allow water in the water recovery tank to be discharged 
to a system outside when prevailing at a given water 
level in a high level range while interrupting water from 
being discharged when prevailing at a given water level 
in a low level range. Here, the reason why water in the 
water recovery tank is not fully extracted is to prevent 
fuel gas from being discharged from a water outlet to 
the system outside. 

[0004] Further, with the above technology, since at- 
tempt is made to interrupt discharging of water from the 
water recovery tank at a given time interval elapsed from 
the beginning of water being discharged, it is possible 
to accurately detect the given water level in the low level 
range inside the water recovery tank. 

SUMMARY OF THE INVENTION 

[0005] However, in a case where the fuel cell system 
of the above technology is applied to a moving object 
such as a vehicle, a probability occurs for the fuel cell 
system per se to suffer swinging to cause vertical fluc- 
tuation in the water level inside the water recovery tank 
to result in an inability of accurately measuring the water 
level. 

[0006] In such a case, if an attempt is made through 
erroneous detection to provide a demand for discharg- 
ing water regardless of a phase with no probability right- 
fully falling in a water level demanded for discharging 
water, operation is caused to begin discharging of water 
at such timing for a given time interval, resulting in an 
issue wherein water is fully discharged from the water 
recovery tank with a tendency of fuel gas being dis- 
charged to the system outside. 
[0007] To this end, in view of the above issue, the 
present invention has an object to provide a fuel cell sys- 
tem and a related operating method which prevent fuel 



gas from being discharged to the system outside even 
if fuel gas is expelled from the water recovery tank that 
collects water discharged from the fuel cell. 
[0008] To achieve the above object, according to one 
5 aspect of the present invention, there is provided a fuel 
cell system comprising a fuel-line water recovery tank 
collecting water discharged from a fuel electrode outlet 
of a fuel cell, a fuel-line water discharge discriminator 
discriminating to find whether collected water in the fuel- 
10 line water recovery tank is to be discharged, a combus- 
tor disposed in a downstream of a fuel-line water dis- 
charge port of the fuel-line water recovery tank to allow 
fuel expelled from the fuel-line water discharge port to 
be combusted with oxidant expelled from an oxidant 
is electrode outlet of the fuel cell, and fuel-line water dis- 
charge flow passage closure unit operative to open and 
close a fuel-line water discharge flow passage between 
the fuel-line water discharge port and the combustor, 
wherein when the fuel-line water discharge discrimina- 
te tor discriminates that the collected water is to be dis- 
charged, the fuel-line water discharge flow passage clo- 
sure unit is opened. 

[0009] Another aspect of the present invention is a 
method of operating afuel cell system, the method com- 
25 prising preparing a fuel cell having afuel electrode outlet 
and an oxidant electrode outlet, preparing a fuel-line wa- 
ter recovery tank collecting water discharged from the 
fuel electrode outlet, preparing a combustor disposed in 
a downstream of a fuel-line water discharge port of the 
30 fuel-line water recovery tank, preparing an fuel-line wa- 
ter discharge flow passage closure unit operative to 
open and close a fuel-line water dischargef low passage 
between the fuel-line water discharge port and the com- 
bustor, executing discrimination by a fuel-line water dis- 
ss charge discriminator to find whether collected water in 
the fuel-line water recovery tank is to be discharged, 
combusting fuel, expelled from the fuel-line water dis- 
charge port, with oxidant, expelled from the oxidant 
electrode outlet, in the combustor, and opening the fuel- 
40 linewaterdischargeflowpassageclosureunitwhenthe 
fuel-line water discharge discriminator discriminates 
that the collected water is to be discharged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0010] 

Fig. 1 is an overall structural view of a fuel cell sys- 
tem of a first embodiment according to the present 
50 invention. 

Fig. 2 is a control block diagram forming a controller 
sown in fig. 1 . 

Fig. 3 is a flowchart illustrating a basic sequence of 
discriminating operation of a fuel-line water dis- 
ss charge discriminator, forming part of the first em- 
bodiment, to carry out one operating method of the 
present invention. 

Fig. 4 is a flowchart illustrating a basic sequence of 
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discriminating operation of a fuel-line gas discharge 
discriminator, forming part of the first embodiment, 
to carry out the one operating method of the present 
invention. 

Fig. 5 is a flowchart illustrating a basic sequence of 
discriminating operation of an air-line water dis- 
charge discriminator, forming part of the first em- 
bodiment, to carry out the one operating method of 
the present invention. 

Fig. 6 is an overall structural view of a fuel cell sys- 
tem of a second embodiment according to the 
present invention. 

Fig. 7 is a flowchart illustrating a basic sequence of 
discriminating operation of a fuel-line water dis- 
charge discriminator, forming part of the second 
embodiment, to carry out another operating method 
of the present invention. 

Fig. 8 is a flowchart illustrating a basic sequence of 
discriminating operation of a fuel-line gas discharge 
discriminator, forming part of the second embodi- 
ment, to carry out another operating method of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENS 

[0011] Hereinafter, embodiments of the present in- 
vention are described in detail with reference to the at- 
tached drawings. 

[0012] Fig. 1 is an overall structural view of a fuel cell 
system, of a first embodiment according to the present 
invention, which is applied to a moving object such as 
a vehicle. 

[0013] While, in the presently filed embodiment, afuel 
cell 1 is herein described below in connection with an 
example wherein air is used as oxidant and hydrogen is 
used as fuel gas, the present invention is not limited to 
such an example. 

[0014] A fuel gas pressure regulator valve 3 is regu- 
lated to have an opening degree calculated by a con- 
troller 7 in response to a detected value of a pressure 
sensor5 that serves as afuel pressure detection means. 
The pressure sensor 5 is disposed in a fuel gas flow pas- 
sage 9 connected to a fuel electrode inlet 1 a of the fuel 
cell 1. 

[0015] A humidifier 11 has a function to humidify hy- 
drogen that is admitted. As a water source of the humid- 
ifier 1 1 . water discharged from an air-line water recovery 
tank 1 3 may be utilized and circulated within the system. 
The air-line water recovery tank 1 3 is an oxidant-line wa- 
ter recovery tank, that collects condensed water from 
an air discharge flow passage 15 connected to an air 
electrode outlet 1 b that serves as an oxidant electrode 
outlet of the fuel cell 1 , and forms a second water recov- 
ery tank. Also, if the fuel cell system is of a stationary 
type, the water source of the above humidifier 11 may 
utilize water resulting from service water after it has 
been treated. 



[0016] An ejector 17 has a function of a pump that 
supplies unused fuel gas, expelled from a fuel electrode 
outlet 1c of the fuel cell, to the fuel cell 1 again. 
[0017] Afuel-line water recovery tank 19 is connected 

5 to the fuel electrode outlet 1c via afuel gas delivery pipe 
21 to collect condensed water from the fuel-gas-line. In 
order to achieve such a function, the fuel-line water re- 
covery tank 1 9 may be preferably located at the lower- 
most position along a vertical height of thefuel-gas-line. 

10 [0018] When discharging collected water from the fu- 
el-line water recovery tank 19, a fuel-line water dis- 
charge valve 23 serving as a fuel-line water discharge 
flow passage closure means is opened. When the fuel- 
line water discharge valve 23 is opened, water in the 

is fuel-line water recovery tank 1 9 is expelled through an 
orifice 25 and the fuel-line water discharge valve 23 to 
a fuel-line water discharge delivery pipe 29. 
[001 9] The orifice 25 forms a fuel-line exhaust port of 
the fuel-line water recovery tank 1 9 and has a flow sec- 

20 tional area preset to be smaller than a flow sectional ar- 
ea of the fuel-line water discharge delivery pipe 29 
downstream of the orifice 25. 

[0020] The fuel-line water discharge delivery pipe 29 
has its downstream end connected to an end of a down- 
25 stream of the above air-line discharge flow passage 1 5 
at a junction 31 through which the fuel-line water dis- 
charge delivery pipe 29 is further connected to the air- 
line water recovery tank 13 via a confluence delivery 
pipe 33. For this reason, water expelled to the fuel-line 
30 water discharge delivery pipe 29 is collected in the air- 
line water recovery tank 13 and, simultaneously, if fuel- 
line gas is exhausted, then reaction between fuel-line 
gas and air takes place in a combustor 35, connected 
to the air-line water recovery tank 13 at a downstream 
35 side thereof, by which noncombustible and non-noxious 
gas is discharged to the atmosphere. 
[0021] Further, water collected in the air-line water re- 
covery tank 13 is discharged by opening an air-line wa- 
ter discharge valve 37, disposed at an air-line water dis- 
40 charge outlet 13a formed at a lower portion of the air- 
line water recovery tank 13, that serves as an oxidant- 
line water dischargef low passage closure unit. Opening 
and closing of the air-line water discharge valve 37 and 
the fuel-line water discharge valve 23 are controlled by 
45 the controller 7. 

[0022] Temperature gages 39, 41 detect the temper- 
ature of the fuel-line water recovery tank 19 and the tem- 
perature of the air-line water recovery tank 13, respec- 
tively, with resulting measured values being outputted 
so to the controller 7. 

[0023] An accelerator sensor 43 in the vehicle serves 
to input an associated incremental displacement value, 
that is, a load demand of a driver to the controller 7. 
[0024] Now, control calculated by the controller 7 is 
55 described. 

[0025] Fig. 2 is a control block diagram of the first em- 
bodiment. The controller 7 is comprised of a fuel-line 
water discharge discriminator 7a, a fuel-line gas dis- 
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charge discriminator 7b and an air-line water discharge 
discriminator serving as an oxidant-line water discharg- 
ing unit, with controls to be performed by these discrim- 
inators 7a, 7b, 7c being executed in parallel whereupon 
when permission is made, then valve opening com- 
mands are outputted to associated valves 23, 37. 
[0026] However, in a case where the fuel-line water 
discharge valve 23 or for a given time interval after the 
valve has been closed even in the occurrence of the 
valve being closed, the fuel-line water discharge dis- 
criminator 7a or the fuel-line gas discharge discriminator 
7b do not provides permissions to open the valves even 
in the presence of a demand for opening the air-line wa- 
ter discharge valve 37. 

[0027] Next, detailed control flows of the above re- 
spective discriminators 7a, 7b, 7c are described. 
[0028] Fig. 3 is a flowchart illustrating discriminating 
operations of the fuel-line water discharge discriminator 
7a for carrying out one operating method of the present 
invention. 

[0029] First, a fuel-line water discharge flag FFW and 
a fuel-line gas dischargeflag FFG are read in (step S1 1 ). 
Here, if the fuel-line water discharge flag FFW Is found 
to have a value of 1 , this remains In a state wherein the 
fuel-line water discharge is permitted and, If the fuel-line 
water discharge flag FFW is found to have a value of 0, 
this remains In a non-permission state. Further, if the 
fuel-line gas dischargeflag FFG is found to have a value 
of 1, this remains in a state wherein the fuel-line gas 
discharge is permitted and, if the fuel-line gas discharge 
flag FFG is found to have a value of 0, this remains in a 
non-permission state. 

[0030] Next, discrimination is made to find whether 
the fuel-line gas discharge is permitted (step S12). If 
permission is found to exist (FFG = 1 ), because of water 
discharge in the fuel-line being executed by the fuel-line 
gas discharge discriminator 7b in a manner that will be 
described later, a variable SWF, that will be described 
below, and the fuel-line water discharge flag FFW are 
initiated at 0 (step S13), thereby interrupting this flow. 
[0031] In step S12, if the fuel-line gas discharge is 
found to remain in the non-permission state (FFG = 0), 
then, discrimination is made to find whetherthe fuel-line 
water discharge is permitted (step S14). In the absence 
of permission (FFW = 0), a fuel-line temperature TF 
measured by the temperature gage 39 and an operating 
load W of the fuel cell 1 associated with the accelerator 
sensor 43 are read in (step S15). 
[0032] Subsequently, in response to the above fuel- 
line temperature TF and the operating load W, the 
amount WF of condensed water that is collected is ob- 
tained (step S16). Then, from the resulting amount WF 
of collected condensed water, the amount SWF of water 
currently accumulated in the fuel-line water recovery 
tank 19 is calculated in the following formula (1) (step 
S17). 



SWF = SWF + WF (1) 

[0033] That is, in step S1 6, a water increasing rate per 
5 unit time is obtained as functions of the fuel-line temper- 
ature TF and the operating load W and is integrated in 
step S17. 

[0034] Also, as shown in step S16, a map is prelimi- 
narily determined such that, the lower the fuel-line tem- 
10 perature TF and, also, the higher the operating load W, 
the larger will be the amount WF of collected condensed 
water. 

[0035] Subsequently, discrimination is made to find 
whetherthe amount SWF of water calculated in a man- 
's ner previously discussed exceeds a given value SLSWF 
(step S1 8) and if the water amount SWF is found not to 
exceed the given value SLSWF, present flow is termi- 
nated whereas, if the water amount SWF is found to ex- 
ceed the given value SLSWF, then, a fuel-line pressure 
20 PFOLD is read in response to the output of the pressure 
sensor 5 (step S19). 

[0036] Consecutively, for subsequent integrating, the 
amount SWF of water calculated above is reset to zero, 
and the fuel-line water discharge flag FFW is set to 1 to 

25 provide permission for discharging fuel-line water while 
opening the fuel-line water discharge valve 23 where- 
upon present flow is terminated (step S20). 
[0037] In step S14, if fuel-line water has been already 
permitted to be discharged (FFW= 1),thefuel-linepres- 

30 sure is read in responsive to the output of the pressure 
sensor 5 and a resulting value is substituted for PFNEW 
(step S21). 

[0038] Subsequently, a fuel-line pressure varying rate 
DFP is calculated in the following formula. 

35 

DFP = (PFNEW — PFOLD)/DT (2) 

Here, DT represents a control cycle of present flow and, 
40 if DT remains in a fixed cycle, then DT may not be ob- 
jectionable to be a constant whereas, if an execution cy- 
cle varies, use is made for an interval between preced- 
ing flow, that has been previously executed, and current 
flow to be executed executed. 
45 [0039] Using this calculated result, discrimination is 
made to find whether the fuel-line pressure exceeds a 
given value SLDFP (step S23). Here, if the fuel-line 
pressure drops below the given value SLDFP (step 
S23), that is, when the fuel-line pressure rapidly drops, 
so it is probable that the formula (2) has a negative value 
large in an absolute value. 

[0040] If discrimination is made that the fuel-line pres- 
sure does not drops below the given value SLDFP, the 
above PFNEW is substituted for PFOLD (step S24) and 
55 present flow is terminated. In contrast, if discrimination 
is made that the fuel-line pressure drops below the given 
value, then it is judged that discharging of water is ter- 
minated, and the fuel-line discharge flag FFW is initial- 
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ized at 0 to close the fuel-line water discharge valve 23 
(step S25) whereupon present flow is terminated. 
[0041] Execution of present flow allows proper judg- 
ment to be conducted for a discharge timing and a com- 
pleted discharge timing, resulting in a capability of favo- 
rably operating the fuel cell system. 
[0042] Also, judgment of the above fuel-line discharge 
timing may be conducted responsive to any one of the 
operating load W and the fuel-line temperature TF and, 
also, operating the fuel-line drainage valve 23 based on 
a time interval elapsed after the valve has been previ- 
ously closed enables further simplified control to be 
achieved. 

[0043] Next, discriminating operation of the fuel-line 
gas discharge discriminator 7b for carrying out the one 
operating method of the present invention is described 
with reference to a flowchart of Fig. 4. 
[0044] First, the fuel-line gas discharge flag FFG is 
read in (step S31). If the flag FFG has a value of 1, this 
represents a status in that discharging of the fuel-line 
gas is permitted and, if the flag FFG has a value of 0, 
this represents a status in that discharging of the fuel- 
line gas is not permitted. 

[0045] Subsequently, discrimination is made to find 
whether the fuel-line gas discharge is permitted (step 
S32) and, if no such permission exists (FFG = 0), then 
the operating load W associated with the accelerator 
sensor 43 is read in (step S33) to allow a mixture ratio 
NR of impurities contained in the current fuel-line corre- 
lated with the operating load W to be obtained (step 
S34). 

[0046] Then, from the resulting impurity mixture rate 
NR, an impurity concentration index NC is calculated us- 
ing the following formula (step S35). 

NC=NC + NR (3) 

That is, instepS34, an impurity incremental rate per unit 
time is obtained as a function of the operating load W 
and is integrated in step S35. 

[0047] Also, as shown in step S34, a map is prelimi- 
narily determined such that the larger the impurity mix- 
ture rate NR, the larger will be the operating load W. 
[0048] Next, discrimination is made to find whether 
the calculated impurity concentration index NC exceeds 
a given value SLNC (step S36) and, if the calculated 
impurity concentration index NC does not exceed the 
given value, presetflowisterminatedwhereas, if thecal- 
culated impurity concentration index NC exceeds the 
given value, thefuel-line pressure PFOLD resultingfrom 
the pressure sensor 5 is read in (step S37). 
[0049] Consecutively, for subsequent integrating, the 
calculated impurity concentration index NC is reset to 
zero and the fuel-line gas discharge flag FFG is set to 
1 for thereby permitting to discharge fuel-line gas while 
opening the fuel-line water discharge valve 23 where- 
upon present flow is terminated (step S38). 



[0050] In step S32, if discharging of the fuel-line gas 
has been already permitted (FFG = 1), then discrimina- 
tion is made to find whether a fuel-line gas discharging 
flag FFG2 remains at 1 (during exhaust of fuel-line gas) 

5 or 0 (in which fuel-line gas is not still exhausted) (step 
S39) and, if FFG2 = 0, flow is routed to step S40. 
[0051] Steps S40 to S43 are similar to steps S21 to 
S24 in Fig. 3 set forth above and, hence, detailed de- 
scription of the same is herein omitted. 

10 [0052] In step S42, if discrimination is made that the 
fuel-line pressure drops below the given value SLDFP 
and discharging of water is terminated, it is judged that 
discharging of fuel-line gas is started and the fuel-line 
discharging flag FFG2 is set to 1 to set a fuel-line gas 

is discharge time measurement timer TMFG is set to 
— DT. Here, DT has the same meaning as DT in the 
formula (2) and detailed description of the same is here- 
in omitted. 

[0053] In step S39, the fuel-line gas discharging flag 
20 FFG2 has been already set to 1 , flows in steps S40 to 
S44 are omitted and operation is executed from subse- 
quent step S45. 

[0054] In step S45, DT that is already described is 
added to the fuel-line gas discharge time measurement 

25 timer TMFG, and discrimination is made to find whether 
a resultant calculation result exceeds a given time inter- 
val SLTMFG (step S46) whereupon, if the resultant cal- 
culation result is not found to exceed the given time in- 
terval, then present flow is terminated. If, in contrast, the 

30 resultant calculation result is found to exceed the given 
time interval, then discrimination is made that discharg- 
ing of fuel-line gas has been terminated and FFG and 
FFG2 are initialized at 0 while, also, the fuel-line gas 
discharge time measurement timer TMFG is reset to 0 

35 to allow the fuel-line water discharge valve 23 to be 
closed (step S47). 

[0055] By executing the above flows, exhausting of fu- 
el-line gas can be appropriately executed. 
[0056] Also, by executing discrimination of the ex- 
40 haust timing of fuel-line gas set forth above at an 
elapsed time after the fuel-line water discharge valve 23 
has been previously closed or in response to the voltage 
of the fuel cell 1, further simplified control can be 
achieved. 

45 [0057] Next, discriminating operation of the air-line 
water discharge discriminator 7c for carrying outthe one 
operating method of the present invention is described 
with reference to a flowchart of Fig. 5. 
[0058] First, the air-line water discharge flag FAW is 

50 read in (step S51 ). If the flag FAW has a value of 1 , this 
represents a status in that discharging of air-line water 
is permitted and, if the flag FAW has a value of 0, this 
represents a status in that discharging of air-line water 
is not permitted. 

55 [0059] Subsequently, discrimination is made to find 
whether discharging air-line water is permitted (step 
S52) and, if no such permission exists (FAW = 0), then 
the air-line temperature TA measured by the tempera- 
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ture gage 41 and the operating load W associated with 
the accelerator sensor 43 are read in (step S53). 
[0060] Consecutively, the amount WA of collected 
condensed water is obtained in response to the above 
air-line temperature TA and the operating load W (step 
S54). Then, from a resulting amount WA of collected 
condensed water, the amount SWA of water accumulat- 
ed in the current air-line water recovery tank 13 is cal- 
culated using the following formula (4) (step S55). 

SWA = SWA + WA (4) 

That is, instep S54, a water increasing rate per unit time 
is obtained as functions of the air-line temperature TA 
and the operating load W and is integrated in step S55. 
[0061] Also, as shown in step S54, a map is prelimi- 
narily determined such that the lower the air-line tem- 
perature TA and, also, the larger the operating load W, 
the larger will be the amount WA of collected condensed 
water. 

[0062] Next, discrimination is made to find whether 
the calculated amount SWA of water calculated as de- 
scribed above exceeds a given value SLSWA (step S56) 
and, if the calculated water amount is found not to ex- 
ceed the given value, preset flow is terminated whereas, 
if the calculated water amount is found to exceed the 
given value, an air-line gas discharge time measure- 
ment timer TMAW is set to — DT and the air-line water 
discharge flag FAW is set to 1 to permit air-line water 
from being discharged while, further, resetting the 
amount SWA of water for subsequent integrating of WA 
to zero (step S57). Here, DT has the same meaning as 
DT in the formula (2) and detailed description of the 
same is herein omitted. 

[0063] Consecutively, discrimination is made to find 
whether the fuel cell system water discharge flag FFW 
or the fuel-line gas discharge flag FFG have a value of 
1 , that is, whether the fuel-line water discharge valve 23 
is opened, or whether, even in the closed state, a given 
time interval has elapsed after the valve has been 
closed (step S58). 

[0064] Here, if the fuel-line water discharge valve 23 
is opened, or even in the closed state if the given time 
interval has not elapsed afterthe valve has been closed, 
the air-line water discharge valve 37 is closed (step 
S61). On the contrary, that is, when the given time in- 
terval has elapsed after the fuel-line water discharge 
valve 37 is opened (step S59), and the air-line gas dis- 
charge time measurement timer TMAW is advanced by 
DT minutes (step S60). 

[0065] Here, if the fuel-line water discharge valve 23 
is opened or if the given time interval has not elapsed 
even when the valve is closed, there is a probability in 
that fuel gas flows into an area close proximity to the air- 
line water recovery tank 13. For this reason, in steps 
S58toS61 , even if water in the air-line condensed water 
tank 13 exceeds a given water level, the air-line water 



discharge valve 37 is closed to prevent fuel-line gas 
from being exhausted to the system outside. 
[0066] Also, since the air-line gas discharge time 
measurement timer TMAW is not advanced during a pe- 
5 riod in which the fuel-line water discharge valve 23 is 
closed, no probability occurs in which discharging of wa- 
ter is incomplete. 

[0067] Subsequently, discrimination is made to find 
whether the air-line gas discharge time measurement 

10 timer TMAW exceeds the given time interval SLTMAW 
(step S62) and, if not, flow is terminated in situ. In con- 
trast, if the air-line gas discharge time measurement tim- 
er TMAW exceeds the given time interval SLTMAW, it is 
discriminated that discharging of water from the air-line 

'5 water recovery tank 13 is completed, andtheair-linewa- 
ter discharge flag FAW is initialized at 0 to close the air- 
line water discharge valve 37 (step S63). 
[0068] By executing respective flows set forth above, 
water of the fuel-line and air-line is enabled to be dis- 

20 charged to the system outside without providing water 
level sensor in the water recovery tank 1 3. Additionally, 
since the fuel-line water discharge valve 23 can be dou- 
bled for discharging gas and water in the fuel-line, it is 
possible to structure a system excellent in cost and lay- 

25 OUt. 

[0069] Further, in a case where the fuel-line water re- 
covery tank 1 9 is further largely sized, although such a 
largely sized water recovery tank is not advantageous 
in terms of the layout, fuel-line water is discharged not 

30 by a command of the fuel-line water discharge discrim- 
inator 7a but by a command of the fuel-line gas dis- 
charge discriminator 7b. Then, no probability of flow of 
fuel gas followed by flow of fuel-line water tends to occur 
with a resultant capability for fuel-line water to be forced 

35 out with gas that must be necessarily expelled and, thus, 
a system efficiency can be improved. Furthermore, by 
selecting the given value SLSWF that forms a discrimi- 
nating value of the water amount SWF of the fuel-line 
water recovery tank 19 to fall in a value as low as pos- 

40 sible, it is possible for water remaining in the fuel-line 
water recovery tank 19 to be decreased. Although this 
is not preferable in terms of the system efficiency, it is 
advisable for water in the fuel-line water recovery tank 
19 to be less than that required in an urgent fuel-line gas 

45 discharging demand, and electric power generation of 
the fuel cell 1 can be maintained in a favorable state at 
all time. 

[0070] In the presently filed embodiment, due to the 
presence of a structure wherein the combustor 35 is pro- 

so vided to combust fuel expelled from the fuel-line water 
discharge outlet (orifice 25) and air expelled from the air 
electrode outlet 1b of the fuel cell 1 while, when collected 
water is discharged, the fuel-line water discharge valve 
23 for opening and closing the fuel-line water discharge 

55 flow passage between the orifice 25 and the combustor 
35 is opened, even when fuel gas is expelled from the 
fuel-line water recovery tank 19, fuel is combusted in the 
combustor 35 located downstream of the fuel-line water 
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recovery tank 19 and, thereafter, exhaust gas is ex- 
pelled, with no fear that fuel gas is expelled in situ to the 
system outside. 

[0071] Further, in view of protecting fuel gas from be- 
ing exhausted to the system outside, there is no need 
for strict water level management of the fuel-line water 
recovery tank 1 9 and, thus, water can be discharged in 
the absence of a water level sensor, enabling a favora- 
ble system which is effective in cost and layout. 
[0072] Furthermore, due to the presence of a struc- 
ture wherein the air-line water recovery tank 13 for re- 
covery of water is disposed between the combustor 35 
and the fuel-line water discharge valve 23, water dis- 
charged from the fuel-line water recovery tank 1 9 is pro- 
tected from entering the combustor 35, and it becomes 
possible to avoid an issue of an inability of combusting 
exhaust gas because of a drop in temperature of the 
combustor 35 caused by discharged water. 
[0073] Moreover due to an ability of the air-line water 
recovery tank 13, that is originally required to collect wa- 
ter from the air-line, which is rendered to doubled to 
have the above role, no separate tank is needed for spe- 
cifically protecting water from entering the combustor 
35, resulting in an advantageous effect which is effective 
in cost and layout. 

[0074] Besides, due to the presence of a structure 
wherein, if the fuel-line water discharge valve 23 is 
opened, or even when collected water is required to be 
discharged to the outside of the air-line water recovery 
tank 13. the air-line water discharge valve 37 is not 
opened for the given time interval after the valve has 
been closed, no probability exists for fuel gas to be ex- 
pelled to the system outside from the air-line water dis- 
charge port 13a. 

[0075] Additionally, due to the presence of a structure 
wherein, when the fuel-line pressure prevailing afterthe 
fuel-line water discharge valve 23 has been opened rap- 
idly drops below the given value, discrimination is made 
that discharging of water from the fuel-line water recov- 
ery tank 1 9 to the outside thereof has been completed, 
no specific sensor is needed to be mounted, resulting 
in an advantageous effect which is effective in cost and 
layout. 

[0076] Also, due to the presence of the fuel-line water 
discharge port with the orifice 25 having the flow sec- 
tional area smaller than the flow sectional area down- 
stream of the orifice, it is possible forthefuel-line to have 
a distinct pressure drop, resulting in a capability of reli- 
ably implementing judgment as to whether discharging 
of water has been completed. 

[0077] Additionally, due to the presence of a structure 
wherein the fuel-line water discharge discriminator 7a 
performs discrimination based on at least any one of the 
operating load W of the fuel cell 1 , the fuel-line temper- 
ature TF, and the time interval elapsed afterthe fuel-line 
water discharge valve 19 has been previously closed, 
discrimination as to timing at which water is to be dis- 
charged can be implemented without a water level sen- 



sor being located. 

[0078] Further, due to the presence of a structure 
wherein, even when expelling fuel-line gas to the out- 
side of the fuel-line, the fuel-line water discharge valve 
5 23 is arranged to be opened, it is possible to allow fuel- 
line gas to be expelled without providing a separate 
valve. 

[0079] Furthermore, since fuel gas necessarily pass- 
es through the combustor 35 before it is expelled to the 
10 atmosphere, no probability occurs for fuel gas to be dis- 
charged to the outside in situ, providing a capability for 
a system appropriate for an environment to be struc- 
tured. 

[0080] Moreover, due to the presence of a structure 
is wherein the fuel-line pressure prevailing after the fuel- 
line water discharge valve 23 has been opened is used 
to conduct discrimination as to whetherfuel-line gas has 
been completely expelled to the outside of the fuel-line, 
on the basis of the time interval elapsed from the timing 
20 at which fuel-line gas decreases (rapidly drops) below 
the given value, discrimination as to whether discharg- 
ing of fuel gas has been completed can be conducted 
employing the pressure sensor5 that is used for normal 
gas pressure control and no specific sensor is required 
25 to be mounted, resulting in an advantageous effect 
which is effective in cost and layout. 
[0081] Also, since discrimination as to whether fuel- 
line gas is expelled to the outside of the fuel-line is con- 
ducted based on at least any of the operating load of the 
30 fuel cell 1 , the time interval elapsed after the fuel-line 
water discharge valve 23 has been previously closed, 
and the output voltage of the fuel cell 1 , it is possible for 
fuel-line gas to be discharged at an appropriate timing. 
[0082] Fig. 6 is an overall structural view of a fuel cell 
35 system of a second embodiment according to the 
present invention, which represents an example that 
employs a fuel gas flow meterto execute discrimination 
to find whether discharging of fuel-line water has been 
completed. A control block diagram and control opera- 
40 tion of an air-line water discharge discriminator are com- 
mon to those of the first embodiment shown in Fig. 2. 
Also, in Fig. 6, the same component parts as those of 
Fig. 1 bear the like reference numerals. The presently 
filed embodiment differs from the first embodiment in 
45 that the pressure sensor 5 is unnecessary and a fuel 
gas flow meter 45 is added. 

[0083] Next, detailed control flows to be performed by 
the respective discriminator 7a, 7b are described. 
[0084] Fig. 7 is a flowchart illustrating discriminating 

so operation of the discriminator 7a. 

[0085] Here, steps S1 1 1 to S1 1 8, and S1 1 9 and S1 24 
are similar to steps S11 to S18, S20 and S25 of the first 
embodiment and, so, detailed descriptions of the same 
are herein omitted. 

55 [0086] In stepS114similartosteps14in Fig. 3, if dis- 
charging of fuel-line water is permitted (FFW = 1), the 
operating load W of the fuel cell 1 and the fuel gas flow 
rate Qf obtained in dependence upon the measured val- 
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ue of the fuel gas flow meter 45 are read in (step S120). 
Then, operation is executed to calculate the fuel gas 
consumption rate Qs, resulting from consumption of the 
fuel cell 1 , in relation to the operating load W that has 
been read in (step S121). 

[0087] Also, as shown in step S1 21 , a map is prelim- 
inarily determined such that the higher operating load 
W, the larger will be the fuel gas consumption rate Qs. 
[0088] Subsequently, the flow rate of fuel gas con- 
sumed by the other component parts other than the fuel 
cell 1 , that is the expelled fuel gas flow rate OVQ is ob- 
tained in the following formula (5) (step S122). 

OVQ = Qf— Qs (5) 

[0089] Then discrimination is made to find whether a 
resulting value OVQ exceeds a given value SLOVQ 
(step S123) and, if the resulting value exceeds the given 
value, the fuel-line water discharging FFW is reset to 0, 
to represent that fuel-line water has been discharged, 
whereupon the fuel-line water discharge valve 23 is 
closed (step S124) and present flow is terminated. Con- 
versely, if OVQ does not exceed SLOVQ, present flow 
is terminated in situ. 

[0090] Fig. 8 is a flowchart illustrating discriminating 
operation of the fuel-line gas discharge discriminator 7b. 
[0091] Here, since steps S131 to S136, S137, S138 
and S143 to S146 are similar to steps S31 to S36, S38, 
S39 and S44 to S47 of the first embodiment described 
above, detailed description of these steps is herein omit- 
ted. 

[0092] In steps S138 similar to step S39 of Fig. 3, if it 
is discriminated that the fuel-line gas discharge flag 
FFG2 has a value of 0 (with no fuel-line gas being still 
exhausted), the operating load Wand the fuel gas flow 
rate Qf obtained depending upon the measured value 
of the fuel gas flow meter 45 are read in, respectively 
(step S139). Then, fuel gas consumption rate Qs, to be 
consumed by the fuel cell 1 , in terms of the operating 
load W that has been read in is calculated (step S140). 
[0093] Also, as shown in step S140, a map is prelim- 
inarily determined such that the higher the operating 
load W, the larger will be the fuel gas consumption rate 
Qs. 

[0094] Subsequently, the flow rate of fuel gas con- 
sumed by the other component parts than the fuel cell 
1 , that is, the discharged fuel gas flow rate OVQ is ob- 
tained in the formula (step S141). 
[0095] Then , discrimination is made to find whether a 
resulting value OVQ exceeds the given value SLOVQ 
(step S142) whereupon, if the resulting value OVQ ex- 
ceeds the given value, it is supposed that discharging 
of fuel-line water has been terminated and, thereafter, 
flow is routed to step S143 with a view to rendering fuel 
gas to be expelled. On the contrary, if OVQ does not 
exceed SLOVQ, present flow is terminated in situ. 
[0096] By executing respective flows set forth above, 



even when the fuel gas flow meter 45 is disposed in 
place of the pressure sensor 5 of the first embodiment 
shown in Fig. 1 , the same advantageous effect as that 
of the first embodiment is obtained. Also, since the ex- 

5 isting sensor (the fuel gas flow meter 45) is employed, 
it is possible to structure a system which is cost effective. 
[0097] Further, while the second embodiment has 
been described with reference to the system wherein 
the fuel gas flow meter 45 is added, the fuel gas flow 

10 rate may be predicted from the opening degree or the 
fore and aft pressures of the fuel gas regulator valve 3. 
Also, in the second embodiment, discrimination as to 
whether discharging of fuel gas has been completed is 
executed based on the time interval elapsed from the 

'5 timing at which the discharged fuel gas flow rate OVQ 
exceeds the given value SLOVQ, such discrimination 
may be conducted on the basis of an integrated value 
of OVQ. 

[0098] The presently filed embodiment has the follow- 
er ing advantages. 

[0099] Since the fuel gas consumption rate of the fuel 
cell 1, that is predicted from the fuel gas flow rate and 
the operating load, is used for discrimination as to 
whether discharging of fuel-line gas has been complet- 
es ed to the system outside, it is possible to execute accu- 
rate discrimination as to whether discharging of fuel-line 
gas has been completed. 

[0100] Due to a capability of discrimination, as to 
whether discharging of water has been completed, uti- 
30 lizing the fuel gas flow meter 45 that is used for normal 
gas flow control, no specific sensor is required to be 
mounted, such discrimination is advantageous in layout 
and cost. 

[0101] Further, since discrimination is made to find 

35 whether, when the fuel gas flow rate exceeds the given 
value and rapidly increases, collected water is dis- 
charged to the outside of the fuel-line water recovery 
tank 1 9, reliable discrimination can be executed to find 
that discharging of water has been completed and no 

40 specific sensor is required to be mounted, resulting in 
an advantage that is effective in layout and cost. 
[0102] The entire content of Japanese Patent Appli- 
cation No. P2002-270121 with a filing date of Septem- 
ber 17, 2002 is herein incorporated by reference. 

45 [0103] Although the present invention has been de- 
scribed above by reference to certain embodiments of 
the invention, the invention is not limited to the embod- 
iments described above and modifications will occur to 
those skilled in the art, in light of the teachings. The 

so scope of the invention is defined with reference to the 
following claims. 



30 
35 
40 
45 
50 

Claims 

55 

1 . A fuel cell system comprising: 

a fuel-line water recovery tank (19) collecting 
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water discharged from a fuel electrode outlet 
(1c) of a fuel cell (1); 

a fuel-line water discharge discriminator (7a) 
discriminating to find whether collected water 
in the fuel-line water recovery tank is to be dis- 
charged; 

a combustor (35) disposed in a downstream of 
a fuel-line water discharge port of the fuel-line 
water recovery tank (19) to allow fuel expelled 
from the fuel-line water discharge port to be 
combusted with oxidant expelled from an oxi- 
dant electrode outlet (1 b) of the fuel cell; and 
a fuel-line water discharge flow passage clo- 
sure unit (23) operative to open and close a fu- 
el-line water discharge flow passage between 
the fuel-line water discharge port and the com- 
bustor; wherein 

when the fuel-line water discharge discrimina- 
tor (7a) discriminates that the collected water 
is to be discharged, the fuel-line water dis- 
charge flow passage closure unit is opened. 

2. The fuel cell system according to claim 1 . further 
comprising: 

a second water recovery tank (1 3) disposed be- 
tween the combustor and the fuel-line water 
discharge flow passage closure unit. 



3. The fuel cell system according to claim 2, v 
the second water recovery tank (1 3) includes an ox- 
idant-line water recovery tank (1 3) that collects wa- 
ter discharged from the oxidant electrode outlet of 
the fuel cell. 

4. The fuel cell system according to claims 2 or 3, fur- 
ther comprising: 

an oxidant-line water discharge flow passage 
closure unit (37) operative to open and close 
an oxidant-line water discharge flow passage 
extending from a lower portion of the second 
water recovery tank (13); and 
an oxidant-line water discharge discriminator 
(7c) discriminating to find whethercollected wa- 
ter in the second water recovery tank is to be 
discharged; wherein 

when the fuel-line water discharge flow pas- 
sage closure unit (23) is opened or during a giv- 
en time interval elapsed after the fuel-line water 
discharge flow passage closure unit has been 
closed, the oxidant-line water discharge flow 
passage closure unit (37) is not opened even if 
the oxidant-line water discharge discriminator 
(7c) discriminates to discharge the collected 
water from the second water recovery tank. 



claims 1 to 4, further comprising: 

a fuel pressure detector (5) disposed in a fuel 
gas flow passage connected to a fuel electrode 
inlet (1a) of the fuel cell to detect a fuel pres- 
sure; wherein 

when the fuel pressure detected by the fuel 
pressure detector drops below a given value af- 
ter the fuel-line water discharge flow passage 
closure unit (23) has been opened, the fuel-line 
water discharge discriminator (7a) discrimi- 
nates that discharging of the collected water in 
the fuel-line water recovery tank has been com- 
pleted. 

6. The fuel cell system according to claim 5, wherein 
the fuel-line water discharge flow passage has a 
flow sectional area smaller than a flow sectional ar- 
ea of a downstream of the fuel-line water discharge 
flow passage. 

7. The fuel cell system according to any of preceding 
claims 1 to 6, further comprising: 

a fuel flow rate detector (45) disposed in a fuel 
electrode inlet (1a) of the fuel cell (1) to meas- 
ure the flow rate of fuel gas; wherein 
when the flow rate of fuel detected by the fuel 
flow rate detector (45) exceeds a given value, 
the fuel-line water discharge discriminator (7a) 
discriminates that discharging of the collected 
water in the fuel-line water recovery tank has 
been completed. 



35 8. The fuel cell system according to any of p 

claims 1 to 7, wherein the fuel-line water discharge 
discriminator (7a) executes discrimination as to dis- 
charging of water based on at least any one of an 
operating load of the fuel cell, the temperature of 

40 the fuel-line and a time interval elapsed after the fu- 
el-line water discharge flow passage closure unit 
has been previously closed. 

9. The fuel cell system according to claim 1 , further 
45 comprising: 

a fuel-line gas discharge discriminator (7a) dis- 
criminating to find whether fuel expelled from 
the fuel electrode outlet of the fuel cell is to be 
50 discharged to a system outside; wherein 

when the fuel is discharged to the system out- 
side, the fuel-line water discharge flow passage 
closure unit is opened. 

55 10. The fuel cell system according to claim 9, further 
comprising: 



5. The fuel cell system according to any of preceding 



a fuel pressure detector (5) disposed in a fuel 



9 



17 



EP 1 401 041 A2 



18 



electrode inlet (1a) of the fuel cell (1) to detect 
a fuel pressure; wherein 
on the basis of a time interval elapsed from a 
timing at which, after the fuel-line water dis- 
charge flow passage closure unit (23) has been 5 
opened, a fuel pressure detected by the fuel 
pressure detector drops below a given value, 
the fuel-line gas discharge discriminator dis- 
criminates that discharging of fuel-line gas has 
been completed. 10 

11. The fuel cell system according to claims 9 or 10, 
further comprising: 

a fuel flow rate detector (45) disposed in a fuel '5 
gas flow passage connected to a fuel electrode 
inlet (1 a) of the fuel cell to measure the flow rate 
of fuel gas; wherein 

on the basis of the flow rate of the fuel detected 
by the fuel flow rate detector and a fuel con- 20 
sumption rate predicted from an operating load 
of the fuel cell, the fuel-line gas discharge dis- 
criminator (7b) discriminates to find whether 
discharging of fuel-line gas to the system out- 
side has been completed. 25 

12. The fuel cell system according to any of preceding 
claims 9 to 11 , wherein the fuel-line gas discharge 
discriminator (7b) executes discrimination as to dis- 
charging of fuel gas based on at least any one of an 30 
operating load of the fuel cell, a time interval 
elapsed afterthe fuel-line water dischargef low pas- 
sage closure unit has been previously closed, and 

a voltage of the fuel cell. 

35 

13. A method of operating a fuel cell system, the meth- 
od comprising: 

preparing a fuel cell (1 ) having a fuel electrode 
outlet and an oxidant electrode outlet; 40 
preparing a fuel-line water recovery tank (19) 
collecting water discharged from the fuel elec- 
trode outlet; 

preparing a combustor (35) disposed in a 
downstream of a fuel-line water discharge port 45 
of the fuel-line water recovery tank; 
preparing an fuel-line water dischargeflow pas- 
sage closure unit (23) operative to open and 
close a fuel-line water discharge flow passage 
between the fuel-line water discharge port and so 
the combustor; 

executing discrimination by a fuel-line water 
discharge discriminator (7a) to find whethercol- 
lected water in the fuel-line water recovery tank 
is to be discharged; 55 
combusting fuel, expelled from the fuel-line wa- 
ter discharge port, with oxidant, expelled from 
the oxidant electrode outlet, in the combustor; 



and 

opening the fuel-line water discharge flow pas- 
sage closure unit when the fuel-line water dis- 
charge discriminator discriminates that the col- 
lected water is to be discharged. 
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